Serological grouping of beta-hemolytic streptococci is performed by a variety of techniques, including the precipitin test (7) , the fluorescent technique (10) , and agglutination procedures (2, 3, 5, 8) . These techniques require final identification by visual interpretations. Although all can provide excellent results when good-quality commercial antiserum is available, poor antisera can cause weak reactions or cross-reactions and nonspecific precipitation, leading to incorrect interpretations. Incorrect interpretations may also stem from the use of previously good antiserum which has lost activity during storage, from inadequate solubilization of streptococcal antigen, and from antigen or antiserum excess. These problems are difficult to eliminate when the sole criterion upon which the quality assessment relies is positive or negative results identified by visual interpretation.
Use of instruments to monitor the precipitin reactions could allow more quantitative measurement of standards and blanks, thereby providing better criteria for standardizing both solubilizing enzyme and antiserum production by commercial sources and improved quality assessment in clinical laboratories for routine solubilization and assay. Automation of instrumental analysis could eliminate many of the tedious technical manipulations associated with microscopic examinations, capillary tube filling, and rocking and interpretating slides. Automation could thereby provide results as rapidly as, but more efficiently and with better controls than, most other techniques.
In this report, data are presented from a prototype system which indicate that a spectrophotometer can be used to quantitatively monitor the precipitin reaction between antiserum and soluble bacterial antigen. The technique uses an immunochemical turbidimetric assay similar to that used for measuring amounts of serum proteins by automated spectrophotometric equipment (1, 4) . Group A, B, C, and G beta-hemolytic streptococci were examined. The data indicate that within 3 Table 1 were obtained by using antigens from bacteria which were grown in T-H broth to a concentration of 0.5 absorbance unit per 2.5 ml as described above. Unless otherwise indicated, the data are from antisera against antigens for group A beta-hemolytic streptococci. Figure 1 shows the kinetic relationship at 15-s intervals between group A antigen (solid circles) and antibody in the test system as manifested by absorbance (reflecting turbidity). Increasing the amount of antigen caused an increase in the absorbance. The slope of each curve represents the rate of reaction. The rate was never constant. It began rapidly and decreased toward an endpoint which was reached by about 10 min. Nevertheless, the absorbance at any time greater than 2 min substracted from the absorbance at zero time was linearly related to antigen concentration over a wide range of absorbances at an antiserum dilution of 1:15.
The solid lines in Fig. 2 from the spectrophotometer. The experiment was designed to simulate severe emergency conditions, where only several streptococcal colonies were available on a plate containing mixed flora. Bacteria from six colonies were aseptically transferred to 2.5 ml of T-H broth. It is important to note that to avoid contamination, whole colonies were not taken; rather, the top surface of each colony was touched with the inoculating loop. Table 2 shows the results. In the assay, antigens obtained from these bacteria caused easily recognizable absorbance changes. The total time from colony recognition to group identification was the incubation time plus 2 h (1 h of solubilization with S. albus enzyme and 1 h for centrifugation and assay). The 61% of that at 340 nm, whereas at 500 nm it was 39%.
DISCUSSION
The results of these experiments indicate that this type of approach for identifying streptococci can be an asset to both clinical laboratories and manufacturers of items for use in such laboratories. Any spectrophotometric system which can measure absorbance near 340 nm and provide a zero reading followed by a second reading can be used. The linear portion of the absorbance-antigen concentration curve (Fig. 2) allows quantitative estimates of the amount of unknown group A antigen, using a simple two-point standard curve. Similar types of relationships have been found for group B, C, and G antigens, using an automated miniature centrifugal analyzer.
These data introduce a means whereby manufacturers of S. albus enzyme and antiserum against soluble bacterial antigens can provide quantitative information relative to specific activity for their products.
In clinical laboratories the quantitative and reproducible (Fig. 4) nature of the assay provides a simple means for improved quality control as compared with that using visually identifiable techniques, where a positive or negative response is the sole control. In this assay, soluble antigen standards, which should fluctuate randomly within 2 standard deviations of an established mean, can be assayed along with the samples to assess the activity of the antisera, and S. albus enzyme quality may be evaluated daily in the same manner by including in the assay a control from a store of frozen cells digested along with the samples. Other advantages of the method include the following: (i) simplicity of assay solutions, requiring only a buffer and sample of each antiserum; (ii) no need for solidphase or other elaborate material coated with antibody; (iii) long-lived reagents without need for isotope; (iv) possible extension to other soluble bacterial antigens; (v) omission of need for neutralization step after solubilization of antigens with acids or bases because of the buffering capacity of the test mixture; (vi) easy adaptation to automated analyzers.
The system described here was used because it can continuously monitor absorbance at many wavelengths, providing the experimental data important for the initial characterization of the method. Because it assays one sample at a time, it serves as a prototype system only.
Automated analyzers such as the centrifugal type are ideally suited for this kind of analysis. They can assay 20 to 30 samples simultaneously.
The data indicate that the rate of reaction is not constant (Fig. 1) ; therefore, simple kinetic assay is not applicable. Nevertheless, quantitative results from two-point measurements can be obtained from such analyzers in less than 5 min (Fig. 2) . This rate of assay would provide the results of 100 samples in a maximum of 20 to 25 min, depending on the loading capacity of the particular analyzer. Some other methods which can provide results rapidly have been described previously (6, 8, 10, 11) . These methods appear to be efficient when a few samples are being analyzed and may be preferred for emergency samples because of their rapidity, but all are laborious when compared with the possibility of analyzing large numbers of samples on an automated analyzer. This is because the former assays require either extensive microscopic examination (10), preparation of multiple capillary tubes, and adjustment of pH's (6) or careful examination of multiple slides to differentiate between complete coagglutination and nonspecific agglutination (8, 11) . Once automated, the spectrophotometric assay requires only pipetting of reagents into the disk of the centrifugal analyzer, placing the disk in the instrument, and pressing a button. Samples and reagents can be pipetted into the next disk while the samples in the first disk are being measured. Thus, the VOL. 10, 1979 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from spectrophotometric approach offers the possibility of great reductions in technical manipulations, as well as provides quality assurance levels that cannot be realized by the other techniques. Data secured from a centrifugal analyzer in our laboratory indicate that the solubilization step can be reduced to fewer than 20 min. Thus, solubilization, centrifugation, pipetting, and assay of 100 samples do not need to take more than 1.5 h. This provides an efficient alternative for routine identification by a single technician of multiple samples grown overnight and then tested the next morning. This approach may also be amenable to use with nephelometric instrumentation (13) .
Although in its present form the spectrophotometric identification does not appear to be as rapid from colony recognition to final identification as are some other techniques (6, 8, 10, 11) , samples can be assayed for the important group A and B antigens in short periods of time after colony recognition ( Table 2) . The assay provides an excellent quantitative means for studying the optimal parameters for rapid solubilization by S. albus enzyme or other enzymes of whole bacteria in concentrations encountered in clinical laboratories.
It is possible that further studies will provide a means by which the growth period of the bacteria can be reduced or the sensitivity of the assay can be increased or both, enabling a complete identification technique which can be completed in only 1 or 2 h. To achieve this end, extended studies using an automated analyzer with many strains are necessary for defining additional parameters such as the following. (i) Should fewer colonies and more extract be used? (ii) Could whole colonies be substituted for growth in T-H broth cultures? (iii) Can longer digestion under improved conditions of temperature and pH provide more antigen so that only one colony might be used?
In the present study, cross-reactions between different antisera and antigen groups were negligible (Table 1) . Clearly, a larger study is necessary (preferably on an automated system) for evaluating the contribution of cross-reaction of many known strains.
The greatest drawback to widespread use of this method in bacteriology laboratories may be the lack of access to automated analyzers. With the advent of new methods using enzyme immunoassay for measuring aminoglycosides (12) and other antibiotics by spectrophotometric means, automated analyzers may, in the future, become more common in microbiology laboratories.
